Estradiol and progesterone are crucial for the acquisition of receptivity and the change in transcriptional activity of target genes in the implantation window. The aim of this study was to differentiate the regulation of genes in the endometrium of patients with recurrent implantation failure (IF) versus those who became pregnant after in vitro fertilization (IVF) treatment. Moreover, the effect of embryo-derived factors on endometrial transcriptional activity was studied. Nine women with known IVF outcome (IF, M, miscarriage, OP, ongoing pregnancy) and undergoing hysteroscopy with endometrial biopsy were enrolled. Biopsies were taken during the midluteal phase. After culture in the presence of embryo-conditioned IVF media, total RNA was extracted and submitted to reverse transcription, target cDNA synthesis, biotin labelling, fragmentation and hybridization using the Affymetrix Human Genome U133A 2.0 Chip. Differential expression of selected genes was re-analysed by quantitative PCR, in which the results were calculated as threshold cycle differences between the groups and normalized to Glyceraldehyde phosphate dehydrogenase and b-actin. Differences were seen for several genes from endometrial tissue between the IF and the pregnancy groups, and when comparing OP with M, 1875 up-and 1807 down-regulated genes were returned. Real-time PCR analysis confirmed up-regulation for somatostatin, PLAP-2, mucin 4 and CD163, and down-regulation of glycodelin, IL-24, CD69, leukaemia inhibitory factor and prolactin receptor between Op and M. When the different embryo-conditioned media were compared, no significant differential regulation could be demonstrated. Although microarray profiling may currently not be sensitive enough for studying the effects of embryo-derived factors on the endometrium, the observed differences in gene expression between M and OP suggest that it will become an interesting tool for the identification of fertility-relevant markers produced by the endometrium.
Introduction
Two conditions have to be met in order to obtain a pregnancy: good embryo quality and high endometrial receptivity. Successful implantation is only possible during a very short phase within the luteal phase, the so-called 'implantation window' which appears to be of about 5 days in duration (Days 20-24 in a physiological menstrual cycle) (Bergh et al., 1992) . The two hormones estradiol (E 2 ) and progesterone are crucial for the acquisition of receptivity and the change in transcription activity of target genes (Wilcox et al., 1999) . Previously these genes were investigated one by one for their role in implantation. The first reports studying the implantation window globally with a large-scale genomic array (Affymetrix w ) compared the expression profiles in endometrium between the late proliferative with the midluteal phase (Kao et al., 2002) or between days LHþ2 and LHþ7 in spontaneous ovulatory cycles (Riesewijk et al., 2003) . In this latter investigation performed with the HG-U95A array, 211 genes yielded a fold change of 3 or higher between the two time points. For many of these a role in the context of endometrial receptivity or even fertility had not been previously described, but the strongest transcriptional up-regulation (107-fold) was observed for glycodelin A (GdA, synonyms PP14, PEP, PAEP). It is a secretory epithelial endometrial product (Mueller et al., 2000) whose serum levels are high in the late luteal phase (after the progesterone peak) of the menstrual cycle and steeply decline thereafter (Joshi et al., 1982) . Endpoint polymerase chain reaction (PCR) and subsequent densitometric analysis yielded a 3.1-fold glycodelin gene upregulation in the endometrium during the implantation window when compared with the late follicular phase tissue (Kao et al., 2002) . Another microarray study, involving an almost identical protocol (day LHþ8 versus LHþ3 in spontaneous cycle) and the same chip (U95A), confirmed the validity of the method and identified 107 differentially expressed genes (Mirkin et al., 2005) . At the same time the Spanish/Dutch team from the first U95A study (Riesewijk et al., 2003) obtained gene expression profiles from endometrium after controlled ovarian stimulation (COS) with an even larger, more recently developed array (Affymetrix HG-U133A), and differential expression was again found for more than 200 genes when compared with endometrial tissue obtained in natural cycles at similar timing (Horcajadas et al., 2005) . This was considered a surprising observation, and it was concluded that current ovarian stimulation for treatment by in vitro fertilization (IVF) was far from optimal, and this issue was further strengthened by a reduction (9.8-fold) of GdA mRNA in COS (IVF) compared with spontaneous cycles.
Gene transcription rates and expression profiles in patients with implantation failure (IF) and recurrent miscarriage in comparison with ongoing, uneventful pregnancy are not well investigated to date. It has been shown that monoamino oxidase A expression was deficient in the endometrium of women with IF (Henriquez et al., 2006) . Moreover, the genes for C4BPA, CRABP2 and OLFM1 were found to be differentially expressed in the endometrium of patients with unexplained recurrent miscarriage when compared with normal fertile women (Lee et al., 2007) .
The endometrium is receiving signals from the embryo floating in the uterine cavity at the time of implantation, but these have not been systematically investigated due to problems of sensitivity. A recent study with gene profiling on purified endometrial stromal cells cultured in the presence and absence of trophoblast-conditioned media found 4817 genes to be differentially regulated as a function of the presence of these media (Hess et al., 2007) .
The first aim of our study was to investigate and differentiate the transcriptional up-and down-regulation of genes in patients with recurrent IF versus those who became pregnant after IVF treatment, and particularly between miscarried and ongoing clinical pregnancies. The second aim was to concurrently study the effect of early embryoderived factors on the transcriptional activity in the cultured endometrium at the time of implantation, by the addition of embryoconditioned medium from successful and unsuccessful IVF cycles as a culture supplement. To our knowledge, results from studies using such an approach have not been published to date.
Materials and Methods

Patient selection
Using the clinical records from our Department, women fulfilling the following inclusion criteria for this study were selected. First, an endometrial tissue sample, biopsied using the Pipelle-de-Cornier suction curette and stored frozen (liquid nitrogen) in medium containing 10% (v/v) serum and 20% (v/v) dimethyl sulphoxide, must have been available in sufficient quantity from a previous hysteroscopic investigation for infertility and, second, the patient has been undergoing treatment by IVF and embryo transfer in our clinic, where the pre-embryo transfer embryo-conditioned media are routinely kept in store. The study protocol (collection of endometrium) was approved by the Ethical Committee of the University of Berne, and informed consent was obtained from the patients for both endometrial investigation as well as for the IVF treatment. Three IVF-embryo transfer outcome groups were defined: (A) IF as defined by a negative serum hCG (,2 mIU/ml) result between 14 and 17 days after embryo transfer; (B) implantation followed by early pregnancy (,12 weeks) loss; and (C) clinical, ongoing pregnancy. In order to obtain enough RNA after the explant culture in the presence of the different embryo-conditioned media supplements (see below) three or four patients were selected for each of these groups as it has been suggested elsewhere (Catalano et al., 2003) , and their tissue was pooled at the time of setting up the suspension cultures (see below). The mean age of the women providing these three tissue pools was 33.7 + 4.5 (SD) years and did not differ between the groups. No endometriosis was documented in these patients by laparoscopy. All tissues were taken during the implantation window in the luteal phase: the mean cycle day at biopsy was 23.6 + 1.8 (SD) and the cycle length, again without difference between the three groups, was 30.0 + 1.6 (SD) days.
IVF procedure
IVF was performed 3 -4.5 months after hysteroscopy and the collection of the endometrial biopsy in all groups. COS using the 'long' protocol after GnRH agonist down-regulation, oocyte retrieval, intracytoplasmic sperm injection (Tesarik and Sousa, 1995) and embryo transfer were performed as described elsewhere (Wunder et al., 2005) . Embryos were cultured in microdroplets (20 ml) of IVF G1 medium under mineral oil (both from Vitrolife, Kungsbacka, Sweden) until they were transferred on Day 3 after oocyte retrieval. Due to the legal constraints in Switzerland, embryos from the same patient were transferred. On the day of embryo transfer, 10 ml of this embryo-conditioned medium was collected, diluted 1:10 by the addition of 90 ml of the same medium to prevent evaporation and stored at 2208C until used as a cell culture supplement (see below). Embryo-conditioned media from the same patients providing endometrial tissue (see above) were pooled into the same groups A (IF), B (pregnancy loss) and C (ongoing pregnancy). Blank IVF G1 medium provided a fourth media pool.
Endometrial explant suspension culture
The endometrial tissue was thawed by immersion of the cryotube in a water bath (378C), washed twice with 15 ml Dulbecco's MEM containing 25 mM Hepes, glutamine, 10% fetal bovine serum, penicillin, streptomycin and fungizone (all from Gibco-Invitrogen, Paisley, Scotland). We have decided to perform explant suspension cultures; the advantages are an intact threedimensional environment during the culture experiment and the assurance to obtain sufficient amounts of RNA for hybridization, but with this system we would not be able to know the source (epithelial or stromal) of the mRNA. The tissue was coarsely dissected with scalpels on a sterile glass petri dish, and a suspension prepared by several gentle passages through a syringe fitted with an 18-gauge needle. The resulting explant size was such that central necrosis would not occur during the short duration of the culture experiment. The suspensions of each biopsied endometrium group (A, B or C) were divided into four cultures in a 24-well plate and 2 ml of complete medium without phenol red, with 25 mM Hepes, glutamine, 2% fetal bovine serum, penicillin, streptomycin and fungizone (all from Gibco-Invitrogen, Paisley, Scotland). After 24 h of culture (378C, 5% CO 2 in air), the medium was replaced with the same but the serum was omitted, and after 24 h of such conditions of quiescence fresh medium containing embryo-conditioned supernatant was added: serum-free MEM (total volume 500 ml, containing 50 ml embryo medium in G1), sterile filtered through a 0.22 mm low protein absorption polyvinylidene fluoride membrane (Millipore, Volketswil, Switzerland) . Each outcomedefined pool of embryo-conditioned medium (A, B, C and blank IVF G1 medium) was added to each endometrial tissue pool (A, B and C), yielding a total of 12 culture conditions. Due to the small amounts of tissue and particularly embryo media available, no replicate cultures were set up. After 24 h of culture, the suspension was centrifuged, the resulting supernatants frozen for further analyses and the endometrial cell pellets immediately subjected to total RNA extraction (see below).
Total RNA extraction
RNA was extracted from cellular pellets collected after suspension culture using the SV Total RNA on-column Isolation kit manufactured by Promega (Madison, WI, USA). The manufacturer's protocol was followed, and this included an on-column DNAse treatment step. The quantity and quality of the obtained RNA was analysed spectrophotometrically with a Nanodropw photometer (Wilmington, DE, USA) and electrophoretically on an (Eukaryote Total) RNA Nano 6000 Chip (2100 Bioanalyser, Agilentw Technologies, Palo Alto, CA, USA). The total RNA yield per culture condition ranged between 6.17 and 14.19 mg, and the absorbance ratio (260-280 nm) for all extractions was 2.03 + 0.09 (mean + SD). Second elution fractions, as suggested in the extraction protocol to be added to increase yield, were discarded since their quality was consistently poorer (A260/280 ratio between 1.64 and 1.88). Both 18S and 28S fractions were seen as sharp peaks in the bioanalyser output. The RNA samples were stored at 2808C until the target synthesis and hybridization experiments were performed.
Gene array hybridization
Hybridizations were performed with the Human Genome U133A 2.0 Chip, obtained from Affymetrix Inc. (Santa Clara, CA, USA), covering 18 400 transcripts and variants including 14 500 characterized human genes. Three micrograms of total RNA per culture condition were used for target synthesis which includes reverse-transcription and synthesis of double-stranded cDNA according to the Affymetrix GeneChip Expression Analysis Technical Manual. Following phenol/chloroform extraction, the purified cDNA was used for an in vitro transcription reaction by using the IVT labelling kit (Affymetrix) to synthesize cRNA in the presence of a biotin-conjugated ribonucleotide analogue. An average of 196 mg of labelled cRNA from each reaction was purified on RNeasy Mini columns (Qiagen, Hilden, Germany) and average size of the cRNA molecules was assessed on RNA Nano 6000 Chips as above. The cRNA targets were incubated at 948C for 35 min in Fragmentation buffer and the resulting fragments of 50-150 nucleotides were again monitored using the Bioanalyser. All synthesis reactions were carried out using a PCR machine (T1 Thermocycler; Biometra, Göttingen, Germany) to ensure the highest possible degree of temperature control. The hybridization cocktail (130 ml) containing fragmented biotin-labelled target cRNA at a final concentration of 0.05 mg/ml was transferred into Affymetrix Human Genome U133A 2.0 Chips and incubated at 458C on a rotator in a hybridization oven 640 (Affymetrix) for 16 h at 60 rpm. The arrays were washed and stained on a Fluidics Station 400 (Affymetrix) according to standard Affymetrix recommendations for performing the EukGE-WS2v4 protocol which includes an antibody amplification to increase the signal strength. The arrays were scanned according to the default settings using the GeneChip System confocal scanner (HewlettPackard, Santa Barbara, CA). Raw DAT image files were generated using MicroArray Suite (MAS 5, Affymetrix). Further data analysis was conducted using Gene-Springw GX (Agilent Technologies) software.
RT and quantitative PCR of selected transcripts
From the results obtained by the automatic ranking with the Gene-Springw software (Tables I and II) , the transcripts shown in Tables III and IV were selected for quantitative investigation of the amplification either for their extent of up-or down-regulation, or for their relevance in the context of reproductive function. The total RNA samples extracted from the pelleted endometrial explant tissue after culture (0.5 mg, see above) were reverse transcribed using the Moloney murine leukaemia virus enzyme (M-MLV, Gibco-Invitrogen, Paisley, Scotland, final concentration 10 U/ml, total sample volume 20 ml). Quantitative PCR was performed with cDNA from 10 ng RNA per well, in duplicate, using the Taqmanw system and Assays-on-Demandw with the primers/probe samples (single-tube system) listed in Tables III and IV on a Model ABI-7900 sequence detector (all from Applied Biosystems, Foster City, CA, USA). Threshold cycle (Ct) plot data were subsequently normalized for each marker and each cluster comparing the different endometrial tissues or the different embryo-conditioned media used in culture. Glyceraldehyde phosphate dehydrogenase (GAPDH, Hs0099999905_m1) and b-actin (Hs00242273_m1) were used as a housekeeping gene control.
Results
Automatic screening of the raw data identified the genes which were found to be up-or down-regulated by a factor of 2 or more depending on the arrays that were compared (endometria or medium supplement; ongoing pregnancy, miscarriage or IF). These genes, with their factor of up-or down-regulation, are shown in Table I . The data were then analysed by the Genespring SX software; this returned the clustering for the comparison of the different endometrial tissues such as IF (group A), miscarriage (group B) and healthy ongoing pregnancy (group C) on one hand, and of the different embryo media added to the culture (blank G1 medium, groups A, B and C as above) on the other. The clusters for the endometria are shown in Fig. 1 . The system identified 12 different sets of patterns with moderate or strong up-or down-regulation. These differences were seen either for all pregnancies when compared with IFs (groups BþC versus A, e.g. sets 3, 5 7 and 11) or, more importantly for the aim of this project which is the identification of women with recurrent miscarriage, between groups C versus B (sets 2, 4, 8, 9, 10 and 12). Sets with only small variations (sets 1, 2 and 6) were discarded from the analysis. Similarly, those with an up-or down-regulation for both groups A and C versus group B (sets 10 and 11) were removed. The most interesting clusters were thus identified in sets 4 (702 genes up-regulated but not further analysed due to a marginally lower expression level in group B compared with A), 8 (1807 genes down-regulated), 9 (983 genes up-regulated) and particularly 12 with fewer genes (190) than in the others but with the strongest up-regulation.
Real-time PCR analysis of genes selected from the array results (Tables I and II) and listed in the corresponding Tables III and IV confirmed significant up-regulation in endometrial tissue from implantation cycles in comparison with IFs for CD163 (P ¼ 0.002) and, to a lesser extent, PLAP-2 (P ¼ 0.049, Fig. 2 ). More interestingly, when comparing the difference in transcriptional activity between ongoing pregnancies and miscarriages (groups C versus B, Fig. 3 ), strong differences were observed for somatostatin, PLAP-2, mucin 4 and CD163 were found (all increased in group C, P , 0.001). Many of the other studied molecules were down-regulated between pregnancy and IF endometrium (Fig. 2) . For collagen IV, CEACAM-1, LIF and fibronectin no difference was observed between groups with successful and failed implantation (Fig. 2) . IL-24, CD69, LIF, prolactin receptor (PRL-R) and glycodelin were strongly down-regulated between endometrial tissue from women with ongoing and miscarried pregnancies (all P , 0.001, Fig. 3 ). Laminin and fetuin B, on the other hand, distinguished between implantation and failure groups (Fig. 2) but did not depend on the outcome of an initially established pregnancy (Fig. 3) . For Carcinoembryonic antigen-related cell adhesion molecule-1 (CEACAM-1) the findings were inconsistent; a limited up-regulation of this gene was observed in the ongoing pregnancy in comparison with the miscarried group, but this was not the case in the combined implantation (BþC) versus the non-implantation group (A). When the different embryo-conditioned media were compared between these groups, no significant up-or down-regulation could be confirmed by real-time PCR (data not shown).
Discussion
The up-or down-regulation of the genes selected from our microarray experiment results (Tables III and IV) could be largely confirmed by our real-time RT-PCR experiments, though the extent of the variation did not necessarily reflect the factor that was returned by the automatic (Gene-Springw) analysis of the array hybridization. In particular, highly significant (P ¼ 0.0001 or lower) up-or down-regulations between endometrial tissues from women with ongoing compared with miscarried pregnancies were confirmed in RT-PCR for somatostatin (up), PLAP-2 (up), Mucin-4 (up), glycodelin (down), IL-24 (down), CD69 (down) and LIF (down).
Leukaemia inhibitory factor (LIF) and glycodelin (PP14, PAEP) are of particular interest in the context of implantation. LIF had been suggested to play a role in the embryo implantation process in mice (Stewart et al., 1992) , but such a function had not been directly confirmed in the human, and the information in the literature is not consistent. LIF production by cultured endometrial epithelial cells has been demonstrated (Laird et al., 1997) , and uterine flushings at the time of implantation (LHþ7 to LHþ10) contained more LIF protein in fertile women than in those with unexplained infertility (Laird et al., 1997) . In this study we could not confirm, using quantitative PCR, the differential gene expression for LIF observed in the array hybridization experiment between implantation versus nonimplantation cycles (Fig. 2) . Similarly, in cultured endometrial explants (thus also taking the full tissue into account) no differences in LIF protein production between fertile and infertile women were found in one study (Delage et al., 1995) , while in another this was the case in the midluteal (but not in the proliferative) phase (Hambartsoumian E, 1998). On the other hand, a more recent study on uterine flushings towards the end of the cycle (Day 26) reported lower LIF concentrations in subsequently pregnant women (Lédée et al., 2002) , which would be in better agreement with our observations made in this study and the reduced gene expression observed previously in the endometrium (Horcajadas et al., 2005) . The contradictory observations with immuno-analytical LIF protein determinations in uterine flushings could be explained by cycle-dependent secretion variations between fertile and infertile women, or simply by the Table I Continued different antibodies that had been used in the two studies (Laird et al., 1997; Lédée et al., 2002) . LIF is highly glycosylated and comes in three independently regulated transcripts; these may have been recognized to varying degrees by the different antibodies due to epitope masking. Gene expression studies, like the one presented here, overcome this problem but do not give us information on the biological function of the protein in fertility and implantation regulation. What is new and has not been reported to date is the significant difference in LIF gene expression between ongoing and miscarried pregnancies (Fig. 3) , with levels more than eightfold (¼2 3.03 ) lower in the women whose gestations went successfully to term. It is therefore necessary not only to determine LIF gene expression quantitatively with PCR in a larger group of women, but also to measure the different LIF protein transcripts with a high sensitivity immunoassay as a function of the menstrual cycle.
For glycodelin, not only an immunosuppressive (Vigne et al., 2001 ) but also a contraceptive role has been proposed (Bolton et al., 1987; Oehninger et al., 1995) . While the former role favours embryo implantation, the latter one is acting against. These two functions were suggested to depend on the glycosylation pattern (Dell et al., 1995) , and it is thus possible that these two are produced in a sequential manner, i.e. the immunosuppresive component acting at the moment of embryo implantation and the contraceptive action functioning outside the implantation window (Seppala et al., 1997) . Our glycodelin findings in this study (reduced transcription levels in successful pregnancies), the proposed contraceptive action of this molecule under defined conditions, and the up-regulation of glycodelin in the presence of 2,3,7,8-TCDD (dioxin) which we have previously demonstrated (Mueller et al., 2005) , are thus in agreement. Reports on serum glycodelin levels in the literature are not easy to interpret, and no normal day-to-day cycle levels obtained with recent immunoanalytical methodology are available. In one study (Wood et al., 1990) , serum glycodelin concentrations did not differ during the implantation phase between successful and unsuccessful outcome in assisted conception cycles. In another one (Suzuki et al., 2000) which used a new enzyme immunoassay method, increased levels in implantation IVF cycles were observed 8 days after embryo transfer when compared with IF cycles. On the other hand, serum glycodelin Outcome group A, implantation failure; B, implantation occurred but pregnancy miscarried before 12 weeks of gestation; C, successful ongoing pregnancy.
concentrations were found to be lower in IVF cycles leading to pregnancy before the initiation of the ovarian stimulation (Day 2 of the treatment cycle) (Andersen et al., 1992) . In the study presented here, we are observing reduced glycodelin transcription levels even in a different cycle than the one in which the women achieved a successful IVF pregnancy; this is in agreement with the study by Andersen et al. (1992) and will increase the value of an endometrial biopsy for fertility investigations. It is not possible, however, to distinguish between glycosylation isoforms in transcription profiling for obvious reasons. The structural, matrix constituent proteins yielded less consistent results. For laminin (a4), discordant observations between the array hybridization (up 13.5-fold) and real-time PCR (significantly down by 2
1.04 fold, P ¼ 0.003) were made for ongoing pregnancy endometrium versus IF. We have also observed, in the microarray, up-regulations between 2.1-and 4.2-fold for various forms of collagen between implantation and non-implantation endometria. Mirkin et al. (2005) also reported a 2.4-fold up-regulation for collagen IV between the midluteal and the early luteal phase in a spontaneous cycle. In quantitative PCR, however, we were unable to demonstrate an expression difference between implantation and non-implantation endometrial tissue and, when comparing endometrium from ongoing with miscarried pregnancy patients, we found a significantly decreased expression level.
For somatostatin no biological function in relation to infertility and the endometrium is known to date. Somatostatin is present in pre-ovulatory follicular fluid, but no association with follicular size, fertility parameters or embryo morphology was noted (Holst et al., 1994) , and Table II . List of genes, up-or down-regulated by a factor of at least 2.0 between different supplemented embryo-conditioned media or medium blank (G1 Outcome group A, implantation failure; B, implantation occurred but pregnancy miscarried before 12 weeks of gestation; C, successful ongoing pregnancy; G1, blank medium control (Vitrolife G1 medium).
there are no recent publications in this context in the literature. It is difficult to speculate on a pregnancy-promoting function of somatostatin at this stage. The hormone has recently been found to inhibit the phosphatidyl 3-kinase (PI3K) signalling pathway via its receptor-2 (sst2, Bousquet et al., 2006) , and this receptor has previously been identified in the endometrium throughout the menstrual cycle (Green et al., 2002) . The ability of endometrial cells to migrate on collagen IV substrate is PI3K mediated (Gentilini et al., 2007) and growth factor dependent (Cao et al., 2007) . However, it is not possible to assess the relevance of endometrial somatostatin on circulating, growth hormone-dependent IGF-I which is produced in the liver. Fetuin B is a variant of fetuin A, similarly produced in the liver and the human placenta and playing a role in fetal life and calcium metabolism. In contrast to fetuin A, it is present in the serum at concentrations that are higher in women than in men (Denecke et al., 2003) . No information on fetuins in the endometrium could be found in the context of infertility. Carcinoembryonic antigen-related cell adhesion molecule-1 (CEACAM-1) is expressed in epithelial tissues and was suggested to play a role in trophoblast-endometrium interaction (Bamberger et al., 2006) . This would be in agreement with the up-regulated expression that we have observed here between ongoing and miscarrying pregnancy groups in both gene array and quantitative PCR. CD163 is only expressed in monocytes and macrophages, which are present in the endometrium and play a role as mediators in inflammation processes. CD163 protein production was shown in vitro to be inducible by anti-inflammatory agents such as interleukin-10 and glucocorticoids (Buechler et al., 2000) . In our context it is interesting to note the correlation between up-regulated CD163 gene expression in the successful pregnancy group and the anti-inflammatory environment to which this antigen is associated.
While we have confirmed, in real-time PCR, clear up-or downregulations for several markers between pregnancy and nonpregnancy endometrium, and even more interestingly between ongoing and miscarried pregnancies, this was not the case between the different embryo-conditioned media. Array hybridization returned an up-regulation, between embryo media from ongoing and aborted pregnancies, for prolactin receptor (PRL-R), fibronectin 1 and CD8/ p32 antigen, and a down-regulation for CD163 antigen and collagen IVa6 (Tables III and IV) . None of these findings could be confirmed by real-time PCR between these different embryo-conditioned cultures. However, between the different endometrial tissues significant differences were found for most of these: pRL-R, CD8, fibronectin and collagen IV were down, whereas CD163 was up (Figs. 2 and 3) . These discrepancies could be explained by the presence of implanting and non-implanting embryos in the same culture medium which had subsequently been used as a supplement in our endometrial cultures, or by an insufficient sensitivity of our 'bio-assay' system (the culture). Embryo-conditioned media came in 10 ml samples and thus ended up in a 1:100 dilution due to the distribution into different patient groups and the suspension culture volume of 0.5 ml. One large investigation with gene profiling, using the Affymetrix HG-U133A microarray on purified endometrial stromal cells cultured Outcome group A, implantation failure; B, implantation occurred but pregnancy miscarried before 12 weeks of gestation; C, successful ongoing pregnancy.
Figure 1: Genespringw expression analysis comparing the three groups of endometrial tissue; the 12 sets were generated automatically. Each coloured line corresponds to a gene; and the number of lines making up each of the 12 sets is given under each graph. A, endometrium from patients never getting pregnant (implantation failure); B, endometrium from women with miscarriage (pregnancies lost before 12 weeks of gestation); C, endometrium from women who later succeeded in a healthy pregnancy proceeding to term. in the presence and the absence of trophoblast-conditioned media, was recently published (Hess et al., 2007) . A total of 4817 genes were found to be differentially regulated as a function of the presence of signals from the trophoblast, so we believe that this line of investigation, i.e. embryo-derived factors and signals, should nevertheless be continued. It also has to be noted that preimplantation genetic testing is illegal in Switzerland. For this reason we were unable to ascertain the genetic integrity of the transferred embryos by fluorescent in situ hybridization techniques and to conclude that IF (in our group A) was solely due to inadequate endometrial function.
In conclusion, while this microarray approach (at least with the highdensity arrays) may not be currently sensitive enough for the study of the effects of embryo-derived factors on the endometrium in vitro, gene expression profiling will become an interesting tool for the identification of new fertility-related and obstetrically relevant markers produced by the endometrium in natural and stimulated cycles. The findings from the few previous profiling studies have stimulated quantitative investigations on LIF and glycodelin, two proteins whose roles in implantation modulation are far from being understood. Our findings here indicate that microarray technology will, by the identification of new markers, provide useful information towards the understanding of unexplained IF and pregnancy loss in the future.
